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PROVISIONAL SPECIFICATION 



Invention Title: Protein expression 



The Invention is described in the following statement: 



Protein expression 

Field of the invention 

The invention relates to a peptide and a nucleic acid molecule and to uses thereof 
for producing heterologous proteins, pro-biotic organisms and functional food 
components and products. 
Background of the invention 

Lactic acid bacteria, such as Lactobacillus and Lactococcus, and other Gram- 
positive bacteria such as Bifidobacterium, Leuconostoc and Streptococcus, are widely 
used for manufacturing food products and for the fermentation of raw agricultural 
products. 

As these bacteria tend to be harmless and tend to remain viable in the intestinal 
environment, there is now interest in using these bacteria to produce heterogenous 
proteins (i.e. proteins that are not naturally produced by the bacteria), especially for use in 
manufacturing functional food products that provide beneficial health effects, and also in 
the manufacture of new bio-pharmaceutical products. 

In view of these potential applications of lactic acid bacteria, there is a need for 
molecules that can be expressed on the cell surface of Gram-positive bacteria such as 
Lactobacillus, Lactococcus, Bifidobacterium, Leuconostoc and Streptococcus, or for 
example, in a culture supernatant derived from these bacteria. Further, there is a need for 
molecules that can be expressed in lactic acid bacteria together with a heterogenous 
protein in the form of a fusion protein. 
Description of the invention 

The invention seeks to address the above described need and accordingly, in one 
aspect, the invention provides a peptide including a LysM domain at the N-terminus of 
the peptide, an apf-like domain at the C-terminus of the peptide and a glutamine rich 
region that is arranged between the LysM and apf-like domains. 

As described herein, the inventors have isolated and characterised a novel 
bacterial peptide that is expressed on the cell surface of Lactobacillus fermentum. The 



peptide is also secreted from the cell surface and has a high relative abundance in culture 
supernatant, suggesting that it is relatively stable when secreted into solution. This 
protein has been named "Small Exported Protein" or "Sep". 

In view of the stable expression of Sep on the cell surface and in culture 
supernatant, the inventors recognised that Sep would be particularly useful for targeting 
expression of heterologous proteins to the cell surface of bacteria that are preferred for 
use in the preparation of functional food components, especially components produced 
from Gram-positive bacteria such as Lactobacillus, Lactococcus, Bifidobacterium, 
Leuconostoc and Streptococcus. 

LysM domains, otherwise known as a "lysin motif domains" have been observed 
in enzymes capable of binding to proteoglycan such as transglycosylases derived from E. 
coli. An example of a LsyM domain is that found in lytic murein transglycosylase D 
(MUD) of E. coli (Bateman, A., and M. Bycroft. 2000. The structure of a LysM domain 
from E. coli membrane-bound lytic murein transglycosylase D (MltD). J. Mol. Biol. 
299:1113-1119). 

The LysM domain of the peptide of the invention is typically about 40 to 50 
amino acids in length, although it may have fewer or more residues. Typically, the LysM 
domain has a sequence shown in SEQ ID No: 1 . 

Apf-like domains, otherwise known as "aggregation-promoting factor domains" 
are understood to have a role in the attachment of proteins to the bacterial ceU wall. 
Examples of apf domains include those found in the apfl and apf 2 proteins of L. 
johnsonni and L. gasseri (Ventura, M., L Jankovic, D.C. Walker, R.D. Pridmore, and R. 
Zink. 2002. Identification and characterization of novel surface proteins in Lactobacillus 
johnsonii and Lactobacillus gasseri. Appl. Environ. Microbiol. 68:6172-6181). 

The apf domain of the peptide of the invention is typically about 80 amino acids 
in length, although it may have fewer or more residues. Typically, the apf domain has„a 
sequence shown in SEQ ID No:2. 



The glutamic rich region of the peptide of the invention typically has about 13 
glutamine residues in a sequence having about 44 residues. This region is typically 
hydrophilic. Typically the glutamine rich region has a sequence shown in SEQ ID No:3. 

The peptide of the invention may further include a secretion signal sequence, 
otherwise known as a "leader sequence". The secretion signal sequence has a role in the 
secretion of the peptide through the cell membranes, so that the peptide may be attached 
to the cell surface and/or secreted from the cell surface, for example, into a liquid culture. 
Typically the secretion signal sequence has about 30 amino acids in length, although it 
may have fewer or more residues. Typically, the secretion signal sequence has a sequence 
shown in SEQ ID No: 4. 

Typically the peptide of the invention has the sequence shown in SEQ ID NO: 5. 
Where the peptide further includes a secretion signal sequence, the peptide typically has 
the sequence shown in SEQ ID No:6. 

The inventors recognise that the secretion signal sequence, LysM domain, 
glutamine rich region and apf domain each have utility as separate functional units, for 
example in the expression of heterologous proteins. Examples of these utilities are 
described further below. 

For example, the secretion signal sequence is particularly useful for targeting the 
expression of a heterologous protein to the cell surface of Gram-positive bacteria such as 
Lactobacillus, Lactococcus, Bifidobacterium, Leuconostoc and Streptococcus 
Accordingly, the secretion signal sequence is particularly useful for producing, for 
example, functional food components that contain a heterologous protein of interest, and 
in particular, a protein that is not naturally expressed by these bacteria 

Thus in one aspect, the invention provides a peptide including the sequence 
shown in SEQ ID No: 6. 

As LysM domains have been shown to bind to proteoglycan, it is recognised that 
the LysM domain may be particularly useful for binding bioactive compounds that 
include carbohydrate, for example, for the purpose of concentrating bioactive compounds 
at a site of interest, such as intestinal mucosal epithelium. Alternatively, the LysM 
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may be particularty usrfb. for moving bioactives «h* include carbohydrato, 
soch as pathogenic bacleria, fiom a site of interest, sucb as in«estinal mucosal eprthehum. 

Thus to one aspect, the invention p«>videa a peptide toetoding the sequence 
shown to SEQ ID No: 1. 
, As apf domaina are understood to have a role in the atiachment of some S-layer 

proteins* thebacterial cell wall, the apf domain may be particularly useto. for attaching 
aheterologousprotetoto ureceU aurfaee of Gmm-positivebacmnasnch ^UCoBaaUus 

lactoooccus, Bifidobacteria ^ ** r " *" * 

domain may be usetol for producing, for example, functional food components ma, 

1 o contain a protein of interest. 

fl. to one aspe,*, the invention provides a peptide toetoding me sequence 

shown to SEQ ID No: 2. 

As toe inventors have found mat the gtatamtoe rieh region of the peptide is 
partiouiariy hydropbibe, titey reeognise ma, mis region may be v«y useful to a ctomenc 
15 protein or fusion profeto (desoribed ftothet herein) for spaeing bydrophohio donnuna ofa 
Lion protein apart, thus improving me tonctionalUy of eaoh hydrophobro domam, "Thus 
too investors envisage mat me glufamtoe rieh region will have partioular u«l«y 
expression of hetemlogous proteins by Gram-poaitive bacteria snob aa UCooacllus, 
Lactoooccus, Bifidobacterium, Leuconostoc and Srrepfococct«. 
20 Thus to one aspect, the invention provides a peptide including tite sequence 

shown in SEQ ID No: 3. 

It will be understood that the peptide of the invention may include one or more of 
the sequences shown in SEQ ID No:l, 2, 3 and 4. 

The peptide of the invention is typically about 175 amino acid.residues in length, 
although it may include more amino acid residues. When the peptide is attached to the 
secretion signal sequence, it is typically about 205 amino acid residues m length. 

The inventors recognise that a peptide that includes a sequence that, but for one or 
more amino acid residues, is essentially the same as the sequence shown m SEQ ID No: 
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5 would be expected to have a capacity to be expressed either on the surface of Gram- 
positive bacteria such as Lactobacillus, Lactococcus, Bifidobacterium, Leuconostoc and 
Streptococcus, or in a culture supernatant derived therefrom. These peptides could be 
made according to the processes described farther herein. The capacity of these peptxdes 
to be expressed on the cell surface or secreted from the ceU surface, for example, into a 
culture supernatant, couldbe determined by the assays described further herein. 

In view of the above, it will be understood that the invention includes peptides 
that have an amino acid sequence that is homologous to the sequence shown in one of 
SEQ ID Nos: 1, 2, 3, 4, 5 and 6. These peptides are referred to as 'Variants''. Further to 
amino acid sequence homology with one of the sequences of SEQ ID Nos: 1, 2, 3, 4, 5 
and 6 the variants are characterised in terms of a capacity to be expressed either on the 
surface of Gram-positive bacteria such as Lactobacillus: Lactococcus, Bifidobactenum, 
Leuconostoc and Streptococcus, or in a culture supernatant derived therefrom, as 
determined by the assays described herein. 

"Homology" with respect to amino acid sequence is defined as the percentage of 
amino acid residues in a candidate sequence that are identical with the amino acid 
residues of one of the sequences of SEQ ID Nos 1 , 2, 3, 4, 5 and 6, after aligning the 
sequences and introducing gaps if necessary to achieve the maximum identity. No N- or 
C-terminal extension or deletion in the candidate sequence shall be construed as reducmg 
homology. An example of an algorithm for aligning sequences is CLUSTAL W. 

Typically a variant is a peptide that has for example, at least about 75% amino 
acid homology with one of the sequences of SEQ ID Nos 1, 2, 3, 4, 5 and 6. The vanant 
may have at least 80%, more typically, greater than 85% sequence homology, for 
example, 90% amino acid homology, with one of the sequences of SEQ ID Nos 1, 2, 3, 4, 
5 and 6. However, a variant may exhibit less than 50% sequence homology with the 
sequence of SEQ ID Nos 1, 2, 3, 4, 5 and 6 and still retain the characteristics of a vanant 
as described herein. 

As described herein, peptides of the invention, including variants, may be 
prepared by chemical synthesis methodologies or by recombinant DNA technology. For 
example, peptides of the invention can be prepared from monomers using a chermcal 



synthesis methodology based on the sequential addition of amino acid residues, for 
example as described in Merrifield, J. Am. Chem. Soc., 85: 2149 (1963). These 
monomers may be naturally occurring residues, or non naturally occurring residues, 
examples of which are described below. Alternatively, the peptides of the invention, and 
in particular, a variant, can be prepared enzymatically or chemically by treating a peptide 
including the sequence shown in one of SEQ ID Nos: 1, 2, 3, 4, 5 or 6. Where the 
peptides are to be synthesised by recombinant DNA technology, they may be prepared by 
random or pre-determined mutation (eg site directed PCR mutagenesis) of a nucleic acid 
molecule that encodes an amino acid sequence shown in one of SEQ ID Nos: 1, 2, 3, 4, 5 
or 6, or a sequence that has homology with one of the sequences of SEQ ID Nos: 1, 2, 3, 
4, 5 and 6, and expression of the sequence in a host cell to obtain the peptide. This is a 
particularly useful process for preparing variants. An alternative process is de novo 
chemical synthesis of anucleic acid molecule that encodes one of the sequences of SEQ 
ID Nos: 1, 2, 3, 4, 5 and 6 or a sequence that is homologous to one of the sequences of 
SEQ ID Nos: 1, 2, 3, 4, 5 and 6 and expression of the sequence in the host cell to obtain 
the peptide. 

The peptides of the invention that are variants of one of the sequences of SEQ ED 
Nos: 1, 2, 3, 4, 5 and 6, typically differ in terms of one or more conservative amino acid 
substitutions from these sequences. Examples of conservative substitutions are shown in 
Table 1 below. 



Original Residue 



Table 1 

Exemplary 
Conservative Substitution 



Preferred Conservative 
Substitution 
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Glu Asp ^ 

Gly ^0 Pro 

His Asn, Gin, Lys, Arg Arg 

ne Leu, Val, Met, Ala, Leu 

Phe 

Leu lie, Val, Met, Ala, Phe He 

Lys Arg, Gin, Asn Arg 

Met Leu, Phe, lie Leu 

Phe Lue, Val, lie, Ala Leu 

Pro Gly Gly 

Ser Thr Thr 

Thr Ser Ser 

Trp Tyr Tyr 

Thr Trp, Phe, Thr, Ser Phe 

Val He, Leu, Met, Phe, Ala Leu 

As noted above, the peptides of the invention may include non naturally occurring 
amino acid residues. Commonly encountered amino acids which are not encoded by the 
genetic code, include: 

2-amino adipic acid (Aad) for Glu and Asp; 

2-aminopimelic acid (Apm) for Glu and Asp; 

2-aminobutyric (Abu) acid for Met, Leu, and other aliphatic amino acids; 

2-aminoheptanoic acid (Ahe) for Met, Leu and other aliphatic amino acids; 

2-aminoisobutyric acid (Aib) for Gly; 

cyclohexylalanine (Cha) for Val, and Leu and He; 

homoarginine (Har) for Arg and Lys; 

2, 3-diaminopropionic acid (Dpr) for Lys, Arg and His; 

N-ethylglycine (EtGly) for Gly, Pro, and Ala; 

N-ethylasparigine (EtAsn) for Asn, and Gin; 



Hydroxyllysine (Hyl) for Lys; 
allohydroxyllysine (AHyl) for Lys; 

3-(and 4) hydroxyproline (3Hyp, 4Hyp) for Pro, Ser, and Tbr; 

alloisoleucine (Alle) for lie, Leu, and Val; 

p-amidinophenylalanine for Ala; 

N-methylglycine (MeGly, sarcosine) for Gly, Pro, Ala. 

N-methylisoieucine (MeUe) for He; 

Norvaline (Nva) for Met and other aliphatic amino acids; 

Norleucine (Nle) for Met and other aliphatic amino acids; 

Ornithine (Orn) for Lys, Arg and His; 

Citrulline (Cit) and methionine sulfoxide (MSO) for Thr, Asn and Gin; 

N-methylphenylalanine (MePhe), trimethylphenylalanine, halo (F, CI, Br and I) 
phenylalanine, trifiourylphenylalanine, for Phe. 

A useful method for identification of a residue of one of the sequences shown in 
SEQ ID Nos: 1, 2, 3, 4 , 5 or 6 for amino acid substitution to generate a variant is called 
alanine scanning mutagenesis as described by Cunningham and Wells (1989) Science, 
244:1081-1085. Here a residue or group of target residues are identified (eg charged 
residues such as Glu, Asp, Asn, Gin and Lys) and replaced by a neutral or negatively 
charged amino acid to affect the interaction of the amino acids with the surrounding 
environment. Those domains demonstrating functional sensitivity to the substitution then 
are refined by introducing further or other variations at or for the sites of substitution. 
Thus while the site for introducing an amino acid sequence variation is predetermined the 
nature of the mutation per se need not be predetermined. For example, to optimize the 
performance of a mutation at a given site, Ala scanning or random mutagenesis may be 
conducted at the target codon or region and the expressed peptide screened for the 
optimal combination of desired activity. 
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Phage display of protein or peptide libraries offers another methodology for the 
selection of peptide with improved or altered affinity, specificity, or stability (Smith, G, 
P, (1991) Curr Opin Biotechnol (2:668-673). High affinity proteins, displayed in a 
monovalent fashion as fusions with the M13 gene IE coat protein (Clackson, T, (1994) et 
al, Trends Biotechnol 12:173-183), can be identified by cloning and sequencing the 
corresponding DNA packaged in the phagemid particles after a number of rounds of 
binding selection. 

The peptides of the invention may be prepared as the free acid or base or 
converted to salts of various inorganic and organic acids and bases. Such salts are within 
the scope of this invention. Examples of such salts include ammonium, metal salts like 
sodium, potassium, calcium and magnesium; salts with organic bases like 
dicyclohexylamine, N-memyl-I>glucamine and the like; and salts with amino acids like 
arginine or lysine. Salts with inorganic and organic acids may be likewise prepared, for 
example, using hydrochloric, hydrobromic, sulfuric, phosphoric, trifluoroacetic, 
methanesulfonic, malic, maleic, fumaric and the like. Non-toxic and physiologically 
compatible salts are particularly useful, although other less desirable salts may have use 
in the processes of isolation and purification. 

The peptide may include at least one carbohydrate molecule and/or at least one 
lipid molecule. 

The peptide may include at least one alkyl group. 

One particular application of the peptides of the invention is their use to provide 
fusion proteins that permit expression of a heterologous peptide on Gram-positive 
bacteria such as Lactobacillus, Lactococcus, Bifidobacterium, Leuconostoc and 
Streptococcus on the surface of these bacteria, or in culture supernatant derived 
therefrom. 

Fusion proteins can be made by the chemical synthesis methods described below, 
or they can be made by recombinant DNA techniques, for example, wherein a nucleic 
acid molecule encoding the peptide having a sequence shown in one of SEQ ID Nos: 1, 2, 
3, 4, 5 or 6 is arranged in a vector with a gene encoding a heterologous protein. 
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Expression of ft. veetor results in the peptide of the invention being produced ss a fusion 
with the heterologous protein. 

Three broad classes of fusion proteins are contemplated. The first class is that 
wherein the fusion protein includes a peptide having a sequence shown in one of SEQ ID 
Nos- 1 2 3, 4, 5 or 6 and a heterologous protein, wherein the heterologous protein is an 
antibody 'fragment or another high 'affinity molecule. These fusion proteins may have 
application as follows: in binding to and inactivating microbial toxins; binding to and 
blocking pyogenic microbe colonisation determinants such as fimbriae, non-fimbnal 
adhesinsor other cell su^ 

blocking host molecules that serve as receptors for pathogenic microorganisms; directly 
killing microorganisms; binding to cancer cells for the purpose of dockmg a 
chemotherapy compound; as in-vitro diagnostic reagents for use in e.g. ELISA assays; as 
in-vivo diagnostic reagents i.e. visualisation of a diagnostic target in a living body; or as 
toxnunohistochemistry reagents. Examples of heterologous proteins within this class 
5 include those described in: Kruger C, Hu Y, Pan Q, Marcotte H, Hultberg A, Delwar D, 
van Dalen PJ, Pouwels PH, Leer RJ, Kelly CG, van Dollenweerd C, Ma JK, 
Hammarstrom L In situ delivery of passive immunity by lactobacilli producing smgle- 
chain antibodies. Nat Biotechnol. 2002 Jul;20(7):702-6; Oggioni MR, Benmat. C, 
Boccanera M, Medaglini D, Spinosa MR, Maggi T, Conti S, Magliani W, De Bemardis F, Teti 
,0 G, Cassone A, Pozzi G, Polonelli L. Recombinant Streptococcus gordonii for mucosal dehvery 
of a scFv microbicidal antibody, ft* Rev Immunol. 2001;20(2):275-87; Souriau C, Hudson PJ. 
Recombinant antibodies for cancer diagnosis and therapy. 2003 Expert Opin Biol Ther 
Apr3(2):305-18; Ross JS, Gray K, Gray GS, Worland PJ, Rolfe M. Anticancer antibodies. Am J 
din Pathol/2003 Apr,119(4):472-85; Kreitman RJ. Recombinant toxins for the treatment of 
25 cancer. Curr Opin Mol Ther. 2003 Feb;5(l):44-5 1 . 

The second class is that wherein the fusion protein includes a peptide having a 
sequence shown in one of SEQ ID Nos: 1, 2, 3, 4, 5 or 6 and a heterologous protem, 
wherein the heterologous protein is a lysin, such as a phage lysin. These are particularly 
useful for specifically killing bacterial cells by disrupting the.cell wall. Examples of 
30 lysins within this class include those described in: 
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Fischetti VA. Novel method to control pathogenic bacteria on human mucous 
membranes Ann N Y Acad Sci. 2003 Apr,987:207-14; Schuch R, Nelson D, Fischetti 
VAA bacteriolytic agent that detects and kills Bacillus anthracis. Nature. 2002 Aug 
22;418(6900):884-9; Loeffler JM, Fischetti VA Synergistic lethal effect of a 
combination of phage lytic enzymes with different activities on penicillin-sensitive and - 
resistant Streptococcus pneumoniae strains. Antimicrob Agents Chemother. 2003 
Jan;47(l):375-7; Gaeng S, Scherer S, Neve H, Loessnet MJ. 2000. Gene cloning and 
expression and secretion of Listeria monocytogenes bacteriophage-lytic enzymes in 
Lactococcus lactis. Appl Environ Microbiol 66:2951-8. 

The third class is that wherein the fusion protein includes a peptide having a 
sequence shown in one of SEQ ID Nos: 1, 2, 3, 4, 5 or 6 and a heterologous protein, 
wherein the heterologous protein is capable of eliciting a protective immune response 
against infection and disease. Examples of heterologous proteins within this class 
includes those described in: B.Smith DJ, King WF, Barnes LA Peacock Z, Taubman MA 
hnmunogenicity and protective immunity induced by synthetic peptides associated with 
putative immunodominant regions of Streptococcus mutans glucan-binding protein. 
Infect hnmun. 2003 Mar;71(3):1179-84; Olive C, Clair T, Yarwood P, Good MF. 
Protection of mice from group A streptococcal infection by intranasal immunisation with 
a peptide vaccine that contains a conserved M protein B cell epitope and lacks a T cell 
autoepitope. Vaccine. 2002 Jim 21;20(21-22):2816-25; Souza Fernandes RC, Sousa de 
Macedo Z, Medina-Acosta E Expression and purification of the recombinant 
enteropathogenic Escherichia coli vaccine candidates BfpA and EspB. Protein Expr Punf. 
2002 Jun;25(l):16-22; Pal S, Davis HL, Peterson EM, de la Maza LM Immunization 
with the Chlamydia trachomatis mouse pneumonitis major outer membrane protein by 
use of CpG oligodeoxynucleotides as an adjuvant induces a protective immune response 
against an intranasal chlamydial challenge. Infect hnmun. 2002 Sep;70(9):4812-7. 

It will be understood that the invention contemplates the use of a peptide having a 
sequence shown in one of SEQ ID Nos: 1, 2, 3, 4, 5 or 6 with any heterologous protein, 
irrespective of the function of the heterologous protein. Particularly useful are 
heterologous proteins involved in the induction of immune tolerance and other 
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modifications of immune system function, and the direct inhibition of pathogen binding 
using a non-immnnoglobulin protein. Specific examples include a fusion protein having a 
sequence shown in one of SEQ ID Nos: 1 , 2, 3, 4, 5, or 6 and (i) the der pi antigen from 
the house dust mite; or (ii) the interleukin 1 receptor antagonist; or (in) cyanovirin N; 
and interleukin 2 or y interferon together with a heterologous protein to be used as a 
vaccine. 

Fusion proteins can be cleaved using chemicals, such as cyanogen bromide, which 
cleaves at a methionine, or hydroxylamine, which cleaves between an Asn and Gly 
residue. Using standard recombinant DNA methodology, the nucleotide base pairs 
encoding these amino acids may be inserted just prior to the 5 • end of the gene encoding 
the desired peptide. 

Alternatively, one can employ proteolytic cleavage of fusion protein, see for 
example Carter in Protein Purification: From Molecular mechanisms to Large-Scale 
Processes, Ladisch et al., eds. (American Chemical Society Symposium Series No. 427, 
1990), Ch 13, pages 181-193. 

Proteases such as Factor Xa, thrombin, and subtilisin or its mutants, and a number 
of others have been successfully used to cleave fusion proteins. Typically, a peptide 
linker that is amenable to cleavage by the protease used is inserted between the further 
proteins (e.g., the Z domain of protein A) and the peptide of the invention. Using 
recombinant DNA methodology, the. nucleotide base pairs encoding the linker are 
inserted between the genes or gene fragments coding for the other proteins. Proteolytic 
cleavage of the partially purified fusion protein containing the correct linker can then be 
carried out on either the native fusion protein, or the reduced or denatured fusion protein. 

The peptide of the invention may not be properly folded when expressed as a 
fusion protein. Also, the specific peptide linker containing the cleavage site may or may 
not be accessible to the protease. These factors determine whether the fusion protein must 
be denatured and refolded, and if so, whether these procedures are employed before or 
after cleavage. 
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When denaturing and refolding are needed, typically the peptide is treated with a 
chaotrope, such as guanidine HC1, and is then treated with a redox buffer, containing, for 
example, reduced and oxidized dithiothereitol or glutathione at the appropriate ratios, pH, 
and temperature, such that the peptide is refolded to its native structure. 

Other fusion proteins of the invention include those wherein the peptide of the 
invention is fused to a protein having a long half-life such as immunoglobulin constant 
region or other immunoglobulin regions, albumin, or ferritin. 

Examples of ways of making fusion proteins are described further herein. 
The peptides of the invention described above can be made by chemical synthesis 
or by employing recombinant DNA technology. These methods are known in the art. 
Chemical synthesis, especially solid phase synthesis, is preferred for short (e.g., less than 
50 residues) peptides or those containing unnatural or unusual amino acids such as D- 
Tyr Ornithine, amino adipic acid, and the like. Recombinant procedures are preferred for 
longer peptides. When recombinant procedures are selected, a synthetic gene may be 
constructed <U novo or a natural gene may be mutated by, for example, cassette 
mutagenesis. These procedures are described further herein. Set forth below are 
exemplary general procedures for chemical synthesis of peptides of the invention. 

Peptides are typically prepared using solid-phase synthesis, such as that generally 
described by Merrifield, J. Am. Chem. Sac, 85: 2149 (1963), although other equivalent 
chemical syntheses known in the art are employable. Solid-phase synthesis is initiated 
from the C-terminus of the peptide by coupling a protected a-amino acid to a suitable 
resin. Such a starting material can be prepared by attaching a a-amino-protected ammo 
acid by an ester linkage to a chloiomethylated resin or a hydroxymethyl resin, or by an 
amide bond to a BHA resin or MBHA resin. The preparation of the hydroxymethyl resin 
is described by Bodansky et al., CHem. In*. (London), 38: 1597-1598 (1966). 
Chloromethylated resins are commercially available from BioRad Laboratones, 
Richmond, Calif. And from Lab. Systems, Inc. The preparation of such a resin is 
described by Stewart et al., "Solid Phase Peptide Synthesis" (Freeman & Co., San 
Francisco 1969), Chapter 1, pp. 1-6. BHA and MBHA resin supports are commercially 
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15 

available and are generally used only when the desired polypeptide being synthesized has 
an unsubstituted amide at the C-terminus. 

The amino acids are coupled to the peptide chain using techniques well known in 
the art for the fonnation of peptide bonds. One method involves converting the ammo 
acid to a derivative that will render the carboxyl group more susceptible to reaction with 
the free N-terminal amino group of the peptide fragment. For example, the ammo acxd 
can be converted to a mixed anhydride by reaction of a protected amino acid with 
ethychloroformate, phenyl chloroformate, sec-butyl chloroformate, isobutyl 
chloroformate, pivaloyl chloride or like acid chlorides. Alternatively, the amino add can 
be converted to an active ester such as a 2,4,5-trichlorophenyl ester, a pentachlorophenyl 
ester, a pentafluorophenyl ester, a p-nitrophenyl ester, a N-hydroxysuceinimide ester, or 
an ester formed from 1-hydroxybenzotriazole. 

Another coupling method involves use of a suitable coupling agent such as N.N 1 - 
dicyclohexylcarbodiirnide or N^-diisopropylcarbodiimide. Other appropriate couplmg 
agents, apparent in those skilled in the art, are disclosed in E Gross & J Meienhofer, The 
Peptides: Analysis, Structure, Biology, Vol. I: Major Methods of Peptide Bond 
Fonnation (Academic Press, New York, 1979). 

It should be recognized that the a>amino group of each arnino acid employed in 
the peptide synthesis must be protected during the coupling reaction to prevent side 
reactions involving their active o>amino function. It should also be recognized that 
certain amino acids contain reactive side-chain functional groups (eg sulfhydryl, ammo, 
carboxyl, and hydroxyl) and that such functional groups must also be protected with 
suitable protecting groups to prevent a chemical reaction from occurring at that site 
during both the initial and subsequent coupling steps. Suitable protecting groups, known 
in the art, are described in Gross and Meienhofer, The Peptides: Analysis, Structure, 
Biology, Vol. 3: "Protection of Functional Groups in Peptide Synthesis" (Academic 
Press, New York 1981). 

In the selection of a particular side-chain protecting group to be used in 
synthesizing the peptides, the following general rules are followed. An famine 
protecting group must render the c^amino function inert under the conditions employed 



16 

in the coupling reacting, must be readily removable after the coupling reaction under 
conditions that will not remove side-chain protecting groups and will not alter the 
structure of the peptide fragment, and must eliminate the possibility of racemization upon 
activation immediately prior to coupling. A side-chain protecting group must render the 
side chain functional group inert under the conditions employed in the coupling reaction, 
must be stable under the conditions employed in removing the o>amino protecting group, 
and must be readily removable upon completion of the desired amino acid peptide under 
. reaction conditions that will not alter the structure of the peptide chain. 

It will be apparent to those skilled in the art that the protecting groups known to 
be useful for peptide synthesis will vary in reactivity with the agents employed for their 
removal. For example, certain protecting groups such as triphenylmethyl and 2-(p- 
biphenylyDisopropyloxycarbonyl are very labile and can be cleaved under mild acid 
conditions. Other protecting groups, such as t-butyloxycarbonyl (BOC), t- 
amyloxycarbonyl, adamantyloxycarbonyl, and p-methoxybenzyloxycarbonyl are less 
labile and require moderately strong acid, such as trifluoroacetic, hydrochloric, or boron 
trifluoride in acetic acid, for their removal. Still other protecting groups, such as 
benzyloxy-carbonyl (CBZ or Z), halobenzyloxycarbonyl, p-nitrobenzyloxycarbonyl 
cycloalkyloxycarbonyl, and isopropyloxycarbonyl, are even less labile and require 
stronger acids, such as hydrogen fluoride, hydrogen bromide, or boron trifluoroacetate m 
• trifluoroacetic acid, for their removal. Among the classes of useful amino acid protecting 
groups are included: 

(1) for an a-amino group, (a) aromatic urethane-type protecting groups, such as 
fluorenylmethyloxycarbonyl (FMOC) CBZ, and substituted CBZ, such as, eg, p- 
chlorobenzyloxycarbonyl, p-6-nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl, and 
p-methoxybenzyloxycarbonyl, o-chlorobenzyioxycarbonyl, 2,4- 

dichlorobenzyloxycarbonyl, 2,6-dichlorobenzyloxycarbonyl, and the like; (b) aliphatic 
urethane-type protecting groups, such as BOC, t-amyloxycarbonyl, isopropyloxycarbonyl, 
2-(p-biphenylyl)-isopropyloxycarbonyl, allyloxycarbonyl and the like; (c) cycloalkyl 
urethane-type protecting groups, such as cyclopentyloxycarbonyl, adamantyloxycarbonyl, 
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md cyclotaxyloxycaAcny.-. m d » aUyloxycarbonyl. The prcfe^ F—* 
groups are BOX or FMOC. 

(2) for the side chain amino group present in Lys, protection may be by any of the 
groups mentioned above in (1) such as BOC, p-chlorobenzyloxycarbonyl, etc. 

(3) for the guanidino group of Arg, protection may be by mitro, tosyl, CBZ, 
adamantyloxycarbonyl, 2,2,5J,8- P entamethylchroman.6-sulfonyl or 2,3,6-tnmethyl-4- 
methoxyphenylsulfonyl, or BOC. 

(4) for the hydroxyl group of Ser, Thr, or Tyr, protection may be, for example, by 
C1-C4 alkyl, such as t-butyl; benzyl (BAL); substituted BZL, such as p-methoxybenzyl, 
p-nitrobenzyl, p-chlorobenzyl, o-chlorobenzyl, and 2,6-dichlorobenzyl. 

(5) for the carboxyl group of Asp or Glu, protection may be, for example, by 
esterification using groups such as BZL, t-butyl, cyclohexyl, cyclopentyl, and the like. 

(6) for the imidazole nitrogen of His, the tosyl moiety is suitable employed. 

(7) for the phenolic hydroxyl group of Tyr, a protecting group such as 
tetrahydropyranyl, tert-butyl, trityl, BZL, chlorobenzyl, 4-bromobenzyl, or 2,6- 
dichlorobenzyl is suitably employed. The preferred protecting group . 2,6- 
dichlorobenzyl. 

(8) for the side chain amino group of Asn or Gin, xanthyl (Xan) is preferably 
employed. 

(9) for Met, the amino acid is preferably left unprotected. 

(10) for the fbio group of Cys, p-methoxybenzyl is typically employed. 

The C-terminal amino acid, eg, Lys, is protected at the N-amino position by an 
appropriately selected protecting group, in the case of Lys, BOC. The BOC-Lys-OH can 
be first coupled to the benzyhydrylamine or chloromethylated resin according to the 
procedure set forth in Horiki et al, Chemistry Letters, 165-168 1978) or usmg 
isopropylcarbodiimide at about 25°C for 2 hours with stirring. Following the couphng of 
the BOC-protected amino acid to the resin support, the camino protecting group as 
removed, as by using trifluoroacetic acid (TFA) in methylene chloride or TFA alone. The 
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aepo.sc.ion is ca*ieti on. a. a temperutere batweao about 0»C and room tempemtum 
der standard cleavtog reagents, such as HCI in dioxane, and conditions for removal of 
specific OKunino protecting groups are described in .he literature. 

After removal of the cHunino protecting group, me remaining camino and side- 
chain pro.ec.ed amino acids are coupled stepwise wilhin me desired order. As an 
aitemative to adding each amino acid sepa^ly in me synthesis, some may be coupleoto 
one anchor prior m addition to tire sotid-phase synttresizer. The selection of an 

. • ™mj„ th« drill of tire art. Particularly surtable as a 
appropriate coupling reagent is within tiK stall or me n 

coupling reagent is N^-dicyclohexyl carbodiimide or dusopropylcarbodnmrde. 

Each protected amino acid or amino acid sequence - **• *— into the solid- 
phase reacmr in excess, and tire coupling is suitably carried on, in a medium of 
dtaemvlformamide (DMF) or CBA - mixhues thereof. If incomplete couplmg occurs, 
to coupling procedure is repeated before removal of the N-amino protecting group psror 
„ Ihe coupling of me next amino acid. The success of the coupling reaction a. each stege 
or ft* ayntireais may be monitored. A preferred method of monitoring «. ■ - *T 

to nmhydrin reaction, as described by Kaiser e, al„ Anal Btoc^n, 34: 595 (1970). The 
eonphng reactions can be performed automatics.* using well known methods, for 
example, a BIOSEARCH 9500™ peptide synthesizer. 

Upon completion of the desired peptide sequence, the protected peptide must be 
eleaveo from me resin support, and all protecting groups must be removed. Tne cleavage 
reaction and remove! of me protecting gmups is suitably accomplished simultaneous* or 
stepwise. When me resin support is a chloromedrylated polyene resin, the bond 
shoring me peptide to tire resin is an ester linkage formed between th. free carboxyi 
group of me Cenninal residue and one of tire many chloromelhyl groups present on the 
main matiix. It win be appreciated ma. the anchoring bond can be cleaver, by reagents 
to. are known to be capabie of breaking an ester linkage and of penetrating tire ream 



matrix. 
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One especially convenient method is by treatment with liquid anhydrous hydrogen 
fluoride. Has reagent not only will cleave the peptide from the resin but also will remove 
all protecting group, Hence, use of this reagent will directly afford the folly deprotected 
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peptide When the cWoromethylated resin is used, hydrogen fluoride treatment results m 
the formation of the free peptide acids. When the benzhydrylamine resin is used, 
hydrogen fluoride treatment results directly in the free peptide amines. Reaction with 
hydrogen fluoride in the presence of anisole and dimethylsulfide at 0°C for one hour will 
simultaneously remove the side-chain protecting groups and release the peptide from the 



resin. 



When it is desired to cleave the peptide without removing protecting groups, tire 
protected peptide-resin can undergo methanolyris to yield tire protected peptide-resur can 
undergo myolysis to yield tire protected peptide in which tire Ctenninal carboxyl 
poup is methylated. The mettryl ester is then hydrolysen under mild alkaline condtttons 
to give the free C-temnnal carboxyl group. The protecting groups on the peptide chaur 
ton are removed by treatment with a sfrong acid, such as liquid hydrogen fluoride. A 
particularly useful technique for tnetonolysis is tot of Moore e. d. PepHdes. Proc Fifth 
Amer PeptSymp, M Goodman and J Meienhofer, Eds, (John Wiley, N.Y., 1977), p.518- 
521, in which fhe protected peptide-resin is treated with methanol and potassium cyanrde 
in the presence of crown ether. 

Another method of cleaving the protected peptide form the resin when the 
chloromethylated resin is employed is by ammonolysis or by treatment with hydrazine. If 
desired, the resulting C-terminal amide or hydrazide can be hydrolysed to the free C 
terminal carboxyl moiety, and the protecting groups can be removed conventionally. 

It will also be recognized that the protecting group present on the N-terminal a- 
amino group may be removed preferentially either before or after the protected peptide is 
cleaved from the support. 

If in the peptides being created carbon atoms bonded to four non identical 
substituents are asymmetric, then the compounds may exist' as disastereoisomers, 
enantiomers or mixtures thereof. The syntheses described above may employ racemates, 
enantiomers or disastereoisomers as starting materials or intermediates. Disastereomenc 
products resulting from such syntheses may be separated by chromatographic or 
crystallization methods. Likewise, enantiomeric product mixtures may be separated using 
the same techniques or by other methods known in the art Each of the asymmetric 
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carton atoms, when present, may be in one of two <* - S > md ** " 

within the scope of the present invention. 

Purification of the peptide is typically achieved using conventional procedores 
such as preparative HPIX (inchtding reversed phase HPIX) or other k*>wn 
chmmatog^hic techniques such as gel permeation, ion exchange, pardon 
chromatography, affinity chromamgraphy (including monoclonal antibody columns) or 
counter-current distribution. 

As described above, me peptide of me invention may be prepared as salts of 
various inorganic and organic aoids and bases. A number of methods are usefid for the 
preparation of these salt, and are known to mose smiled in the art Examples motade 
reaction of tire See acid or free base form of the peptide with one or more molar 
equivalents of the desired aeid or base in a solvent or solvent mixmre in whieh the saU ts 
insoluble; or in a solvent hk. water after which me solvent is removed by evaporation, 
distillation or freeze drying. Alternatively, me ftee acid or base form of me produce may 
be passed over an ion-exchange resin to form the desired salt or one salt form of the 
product may be convened to another using the same general process. 

The starting materials required for use in the chemical synthesis of peptides 
described above are known in the literature or . be prepared using known methods and 
known starting materials. 

The invention also provides a nucleic acid molecule that encodes a peptide 
according to the invention. 

m one aspect, the nucleie acid molecule encodes a peptide having a sequence 
shown in one of SEQ ID Nos: 1, 2, 3, 4, 5 or 6. 

Typically, the nucleic acid molecule of the invention includes one of the 
sequences shown in SEQ ID Nos: 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, or 18, 19 or 20 or 
a sequence that is complementary to one of the sequences shown in SEQ ID Nos: 7, 8, 9, 
10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20. 

A nucleic acid molecule that can hybridise to a molecule having one of the above 
described nucleotide sequences in high stringency conditions is particularly useful as the 
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complementary strand of this nucleic acid molecule may well encode a peptide of the 
invention that is a variant. As is well known in the art, hybridisation of nucleic «nd 
molecules may he controlled by the type of buffer used for hybridisation and the 
temperature of the buffer. "High stringency conditions" are conditions in which the buffer 
includes about 0.1 x SSC, 0.1% SDS and the temperature is about 60°C. 

The above described nucleic acid molecules can be obtained from genomic DNA, 
for example by PCR amplification, from a genomic library, from cDNA derived from 
mRNA, from a cDNA library, or by synthetically constructing the DNA sequence usmg 
synthetically derived nucleotides; (Sambrook et al., Molecular Cloning: A Laboratory 
Manual (2d ed.), Cold Spring Harbour laboratory, N.Y., 1989). 

The nucleic acid molecule of the invention may be a deoxyribonucleotide, a 
ribonucleotide, a peptide nucleic acid or a combination thereof. 

The invention also provides a vector or construct including a nucleic acid 
molecule of the invention. 

A vector containing a sequence shown in SEQ ID NO 19 or 20 is particularly 
useful for expression of peptides of the invention and fusion proteins includmg a 
heterologous protein, as these sequences regulate expression in Gram-positive bactena 
such as Lactobacillus and Lactococcus. 

The vector or construct is typically obtained by inserting a nucleic acid molecule 
of the invention into an appropriate plasmid or vector which can be used to transform a 
cell for example, a host cell. In general, plasmid vectors containing replication and 
control sequences which are derived from species compatible with the host cell are used 
in connection with those hosts. The vector ordinarily carries a replication sue, as well as 
sequences which encode proteins or peptides that are capable of providing phenotyprc 
selection in transformed cells. 

Particularly preferred are vectors that permit the introduction of a nucleic acid 
m olecule into Gram-positive bacteria such as Lactobacillus, Lactococcus, 
Bifidobacterium, Leuconostoc and Streptococcus. Examples of these vectors are 
described further herein. 
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A vector ft* may be useful for preparing, for example fusion protein com*™** is 
PBR322 and derivatives mereof. pBR322 ia a plasmid derived from an E. col, apee.es, 
Cmr example Mande, e, at, J. Mo,. Biol. 53: .54 (.970). PUamid pBR322 contama 
^ for a^picUlm and tetracycline resistance and fous provides for easy metms for 
LcUon. Ofoer vectom incfode differen, fcafores such as different promoters, whmh » 
often important in expression. For exampie, plasmid. pKK223-3, pDK720, and pP^ 

• ♦ ~ ™th the tac tro or P L promoters that are currently 
lambda represent expression vectors with the tac, trp, or r L p 

available (Pharmacia Biotechnology). 

A oseful vector is P B0475. This vector contains origins of replication for phage 
^ E. con ma, allow i, to he shutded hereon such ho* thereby 
^genesis and expression, see for example. Cunningham et a.., U~* 243: .330- 
(336 (1989); U.S. Pat. No. 5,580,723. Other naeful vectors are pRITS and pRlT2T 
(Pharmacia Biotechnology). These vectors contain appropriate promoters followed by the 
Z domata of pmtem A, aUowfog genes mse^ 
proteins. 

Ofoer useful vectors can be constnrcted using standard techniques by combining 
fceretevanttraiteoffoevectomdescn™^^ 

rihosome binding site, the decorsin or omarin gene or gene fusion (foe Z demon of 
pI otein A and decorsi. or omatin and its linker), foe antibiotic resistence markers, and foe 

appropriate origins of replication. 

The invention also provides a cell including a vector or conatmc. as described 

*ove. The host eeft is typically propria and typicaUy is a Gram-posirive bacten. 

such as L^ooacmus. LaCococcus. BifiMaCenun,. Uuconostoc or S^rocoeca, 

Examples are shown in Table 2. 



Table 2 
Bacterium 



Lactobacil lus johnsonii Lai 



Lactobacillus acidophilus 



Lactobacillus casei Shirota 



Lactobacillus reuteri 



B ifidobacterium longum 



Current uses 



Probiotic in yoghurt 



Probiotic in yoghurt 



Probiotic in yoghurt 



Bifidobacterium bifidum 
| Leuconostocmesenteroides 



Probiotic in yoghurt 



Probiotic in yoghurt 



Probiotic in yoghurt 



Sauerkraut fermentation 
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^pZ^^tk^onhilus i Vn phurtandcaeesemakins J 

Prokaryotes may be used for cloning and expressing a nucleic acid molecule of 
the inventionto produce thepeptideofthe invention. For example, £. co« K12 stram 294 
(ATCC No 31446) may be used as well as E. coli B, E. coli X1776 (ATC No. 31537), 
5 and E coli c600 and c600hfl, E. coli W3110 (F.,gama-,prototrophic/ATCC No. 27325), 
bacilli such as Bacillus subtil*, and other Enterobacterial such as 
Salmonella typHimuHum or Serratia marcesans, and various Pseudomonas spec.es 
When exposed by prokaryotes the peptide of the invention may contain an N-termmal 
me thionine or a formyl methionine and may not be glycosylated. In the case of fusum 
,0 proteins, the N-tenninal methionine or formyl methionine may reside on the ammo 
terminus of the fusion protein or the signal sequence of the fusion protein. 

The invention also provides a process for producing a peptide of the invention. 
The process includes maintaining a cell containing a nucleic acid molecule as descnbed 
above, or a vector or construct as described above, in conditions for permitting the cell to 
1 5 produce the peptide. 

The process may optionally toeh.de Ihe step of reeovertog and or purifytog the 
protein. Pnrification of the peptide to typically achieved nsing conventional procedores 
snch as preparative HPLC (toclnding reversed phaae HPU1) or otter known 
chromatographic techntanea snch as gel permeation, ion exchange, partition 
20 chromatography, aflmity chromatography (inctoding monoclonal antibody colnmna) or 
counter-current distribution. 

The expression of a peptide of the invention is described further herein. Other 
exemplary expression systems include those described in Table 3 below. 
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| Expression system | 
NICE system ! 


Uses the a promoter inducible by the food 
preservative antimicrobial peptide nisin. Used in 
Lactobacillus r^timnostoc & Lactocgccus. 


Reference 1 
Kleerebezem et at, J 
1997 


T7 system 
Lactose-induction 


Uses the strong 17 RNA polymerase. Usedm 

Lactococcus. - - t — r 

1 Uses the lactose inducible promoter of ihc 


Wells etaL, 1993 
Perez-Arellano et 



S-layer promoter 
pTUAT vector 
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operon from Lactobacillus case: useain al.,2003 
Lactobacillus casei. 



lActobaauus casei. . __— — 

Uses the strong promoter of Lactobacillus brevts. 
Use j ^ T^nhnnillus sDALactococcus. 

— ~Z a.:~u 1« ;«r1iirp.d with 



us co in i^ctww wuw — — 

Uses the amy promoter which is induced with 



Savijoki et al., 1997 



Kroger etal., 2002 



vector W5Cfi » UAW wth * v , .„ _ 

K^reTezem M, Beerthuyzen MM, VaugUan EE, de Vos WM, * P 



Kleerebezem m, d^^^j— . - . . , 

• c, ra t«r,c for lactic acid bacteria: transferable nism-mducible 
Controlled gene expression systems for lacnc acia 

Microbiol. 1997 Nov;63(l l):4581-4; Kniger C, Hu Y, Pan «, Marco ' 

Lar D, van Dalen W, Pouwels PH, Leer W. KeU, CG, van DoHenweeM CM 

ZTaranom U rn si. debvery of passive — r by — 

G Optimization of Ore green fluorescent proteto (GFP) expreasron •»■«"«- 
LoLe promoter in — • ™8 Miorobio. Let. 2003 May 

^U(,)..lU SavijoH K, Kuhafa M. Palva A. H* .eve, 

— S-iayer sfsnals. Oene. 1997 Feb 

, ^ UI Pa „ e low Lactococcus lacks', high-ievei 
Wilson PW, Norton PM, Gasson MJ, Le Page KW. i^a 

• „* r m A wotection against lethal challenge. Mol 

expression of tetanus toxin fragment C and protection aga 

Microbiol. 1993 Jun;8(6):l 155-62. 
Brief description of the drawings 

Figure 1. Analysis of proteins found in the culture supernatant of L 
/e _ BRU grown in MRS broth. Growth of, /— BRll was mom^d 

20 number il a circle, aU q uots were tafcen, centrimged and the supernatant mtered^ 
precipitated with 5% TCA. The equivalent of 225-pl of culture supernatant was analysed 
"PAGE followed by staining with Coomassie briUiant blue G-250. The arrow 

indicates Sep. 

Figure 2. Expression and subceHular location of aHlss-Sep fusion protein to 
25 L. ,~ BRU. L. — GO ana X. U*. MG1363 Above sbows *e 
J^enrent o, ttre consbncfs whicb were «. integral info ore C fennel BRU 
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^mosome (S^xHis-Sep and BspA-6xHis-Sep> or introduced into L. rhamnosusGG 
7TZ MG1363 on dr. P<3h9tiSSl plasmid (S^-oxHis^ only). Be,ow shows 

Sep seeretion s^l (asSetf, BspA secretion signs. (saBspA) and H* « - 

• u jc tfc P .site of single crossover homologous 

• j- n *~A The DNA region which is the sue 01 sui^ 

L lm es containing cel. extiacts prepared by bolting in 2x SDS-loadtng dye (SDS ^ 
Lation(son) and with 5MUCKUC.) and «he precipitated sup— 
rindicated Th. amount of eeUs or medium .oaded in each .aue ate the e^en, to 
(SDS). 50ul (son), 160*1 (UC1) and 675ul (SN) of culture. 
Figures. Expmssion and s^tion of human E-cadherin Mon protein by I. 
fermentumBRl 1 . Above shows the arrausenreu, of*, eonshne. which we. mtiodu«d 

Mo, deletion of «on proteins in ce„ extract, and in tire supernatant usmg an anti«* 
antibody (A, B and C0« side]) and in tire supernatant using an anti-E^dherur M 

Sep secretion signs, (ssSep), Bsp* ^^ZZZ 
■ ai^a The DNA region which is the site ot single 

is marked with a cross. H. sizes of tire molecular mass markers are mdrcated » H* . 
flmwTL lanes containing cd extract prepared by boiling in 2x SDS-loadmg «. 
(SDS ), by sonication (son, and wim 5M UC, (Lid, and me precipi«a,ed superman 

euuivaien, to 500,1 (SDS), 5<Hr> (son), l«pl (LiC) and 675,1 (SN) of cultirre. Fo^ 
Western Mot in par. C, the equivalent of ,.2-m, of culmre arrant " 
BR11 par... (BR11) or ../a— cnnUining BspA^xHis-Ecad (BspA^xHts-E^d) 

was loaded in each lane. 
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Example 1 Production of Sep 

L .f„ BUI was grown in shtndingMRS M a, 37-C 

■ ^- n <inq PAGE analysis revealed a number of proteins 
Ween s, five timepmnts (F.gure 1). SDS-PAGE an y _ 

which accumulated in the supernatant dunng growth (Frgure 1). in 
^(indie^hyth.^-^-nn^ro^^on^ph^vdrena-e.^ 

protein (inoicar y , TM*,™teta was caUed Sep rot small ssported 

ofanuroberofofi.erproremshadre.lueed.Thianro.^ 

nrorein When its small size is taken into account, Sep .s one ot tne 

protein, wnen in. characterise Sep we 

p rol emsfoundmmesnpemarantofL./s ral e»«,mBRll.Tonmn 

Lnfied me N-terminal sequence which was found to be: oTl^or^ox . Sep . a 
^ a!mno acid protein with a 30 amino acid N-terminal action signal givmg nse to 
predicted 19-kDa mature protein with an isoelectric pent of 5.3. 
Example 2 Sep -E cadrterln fusion protein under con.ro. of Sep pronrotar. 

MM*. coU JM109 was used in molecular cloning experiments. Amp,c.lhn 
was used s. a concentranon of .00 or W pg per ml for K co« while «*»~ «» 

and pGEM3zf were used for routine cloning. 

• ^ spinal 1 to 216 amino acids of the mature E- 

The region encoding the ammo-terminal 1 to ^10 amu 

M J^ro! was amplifier! by PC* from cDNA template prepared from cuHer* 
rlahl T47B and I*Cap eells ushrg ofigonucleo^ E-cad«I 
TMa fragment was cloned in ftame downsueam of DNA encodmg me Sep secrohon 
— Sep-oxHi,Ec*d. The sequenco of me Coned E-cadh»m 
S fisien. which conned an introduced sTOp eodon afier coder 
by DNA sequencing The putauve >spA transcription termmator was 
XLJdes Term-Xho and Term-Hind and Coned downstream of me E-cadhem> 

encoding DNA. * 

The consnuc, within PJKS233 was Uausformed into I. fennel BRH using 
pemeilhu as a oeU wafi weaken* .en, a . -n— - I - > MM-* 
resoectively as described previously (Rush, CM., L.M. Hamer, ana 
^modification of a vaghral chain - * — 
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w * t "\if rjofhpr and P TlHlinS. 2000. 

~ i a a>t q Turner P Giffard, L.M. Hamer, ana r. 
178- McCracken, A., M.b. lurner, r. , 

2i of promoter se.piences — and*— ^ 

^ J— s^es. Arch. Micreoio,. 173t3g3-3 89 ). me — - 

tacub^.rM.sfonnan.sa.^CintoP^of^n.ycinsclecOon. 

£ BR11 were S»wn - »M MRS medium (Oxoid, Basingstoke, 

, w .iw „, in standing liquid culture tubes. Erythromycin was 
United Kingdom) anaerobically or in standing uqui 

used at a concentration of 10 pg per ml for L fermentum. 

™t ft™, late lo<t or early stationary pbase cultures wbile 
Cell extracts were prepared from late log or / 

, v™ fir,™ late exponential phase criltures. Two different whole cell 
supematants were taken torn late exponen P SDS . PAGE loading 

protein extiactiou memods which invoKed either boilnrg cells .2. SDS PAGE g 

huffer (Sambroox, K **. -«■ »«• '""T "T* 8 ~ 

^ J, 2nd ed. Cold Spring Harbor Labored press, Com Spnng ^ " 

P.. Giffare. ,00, Peptide surface display and secretion — ° 
surface proteins from Lactobacillus fermenHm BR11. Appl. Euvu 

obtain* as described previously (Turner 2003). Prior to loadmg of SDS-PAGE all 
^es were boiled for , minutes. Proteins were toansrerred to mtioce,,^ «- 
uud men probed with an anti-Hiss monoclonal antihody (Qtagen, Htlden, Getmany) a. 1 
tZ> dilution. Following washes, me membrane was incnbatod with rebbi. anti- 
urouse-norseradish peroxidase (HRP) conjugato (Dalco, Gtostiop, Denmark). The bound 
eutibodies were detected using the HRP chemilummescence Id, (Rod* 

protein maricere (Qiagen, Glosbop, Denmark) were included alongside the , 

These markers have known quantities of His. containing proteins in each band .Uowmg 

upon Tyne, United Kingdom). For detoction of E-cadherin a mouse monoclone anti 
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human E-cadherin antibody (froxn clone HECD-1; Zymed Laboratories Inc.) was used at 
a concentration of 1 in 750. 

E-cadherin fusion protein was detected in the SDS cell extract and supernatant 
from cells grown at 30»C (Figure 2). Levels of E-cadherin fusion protein for this strain at 
; 30 °C were -30 ug per liter culture in the supernatant and -370 ug per liter culture in the 
SDS cell extract. The predicted size of the E-cadherin fusion protein is 25-kDa, however 
the protein recognized by the anti-His 5 antibody in the Western blot resolved -38-kDa. 
To confirm that this protein is indeed E-cadherin, a mouse monoclonal anti-human E- 
cadherin antibody was used as the primary antibody in a Western blot. The anti-E- 
0 cadherin antibody recognized a protein the same size as the protein recognized usmg the 
anti-His 5 antibody and did not recognize proteins found in the supernatant of the parent L. 
fermentum BR11 strain. These results suggest that Sep expression and secretion signals 
can be used to secrete a human anuno-terminal E-cadherin peptide in L. fermentum. As 
the ammo-terminus of E cadherin is a major intestinal cell receptor for the food-bome 
l5 disease causing pathogen L. monocytogenes this construct may have potential as an 
intestinal L. monocytogenes attachment -inhibiting therapeutic. 
Example 3 Sep- 6xHis fusion proteins under control of Sep promoter. 

E coli JM109 was used in molecular cloning experiments. Ampicillin was used at 
a concentration of 100 or 200 ug per ml for E. coll Plasmids pUC18, pBluescriptH (KS) 
20 and pGEM3zf were used for routine cloning. 

The construct (Sep-6xHis-Sep) consists of DNA upstream of sep and the sep 5' 
region encoding the secretion signal and a six-histidine (His 6 )epitope (amplified and 
cloned using Nterm-US-Xba and Nterm-Pst-US) and DNA encoding the mature Sep 
protein and the putative sep transcription terminator (amplified and cloned using SepDS- 
25 PstXho and SepDS-ApaSal). The construct (BspA-6xHi S -Sep) consists of DNA encoding 
the mature Sep protein and putative sep transcription terminator as above but instead 
contains upstream DNA encoding a full length BspA protein followed by DNA encoding 
the BspA secretion signal and a His 6 epitope as described previously (Turner et al., 
supra). The extra arnino acids added onto the mature N-tennini of Sep in the Sep-6xHis- 
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Sep cnnsbect am: DTIYTDHHHHHHSAAGSR and in the BspA-dxHi^ep consult 
are- ASDDVHHHHHHSAAGSR. 

These expression casse«es w=« consul in pBiuescnpU, and *. cloned in* 
the Aiol and » digested p)RS233. The S^xHi^Sep — in pBmescrrp, H .a 
also digested with Soil and eloned into Xho\ digested pGh9:ISo7 . 

Tta conaruc. within pJRS233 was fransfomred into L. ferment BRU using 
-Hffl. as a ceH waU weakening age* a. concentrations - • « » « - * 
Cdvel, as described previously (Rash. McCracken, supra). Express**. m 

« *4 pmmolers (Kgure 3A and 3B) by incubating transients at 40 C tn the 
presence of erythromycin selection. 

L fern,*,™ BR11 was grown on soHd MRS medium (Oxoid, Basingstoke. 
Unite d £U anaerobically or in standing tubes. Eryduomycn was 

used at a concentration of Wpg per ml for L. fermmlum. 

.„h r laats the Sep-6xHis-Sep construct was 
lh the cases of L. rhamnosus and i. tens, the S ep- 

^formed into me cells cloned into me pGh9:lSSi plssmrd (Magmn, E.. H. PrevosW 
^ and A. Oruss. 1996. Bmcien, insert mutagenesis in .aotococc, and 
other gram-positive bacteria. J. Baeteriol. 178:931-935). 

L . r _ GO (ATCC 53103) was grown on sold MRS medium (Oxot* 
Basingstoke, United Kingdom) anaembically or in standing U,md cuUum 
MG1363 was grown a. 30-C in KIT medium (Oxoid, Basingstoke, Unfed Kmgdom 
"pZenled with 0.5* (wuvol) glucose (GM1T). ^ « - - 
concentrations of .0 pgpermlfori. 

Wotmauon of,. is done using pemeulin as a ceU wall weaRemng 

Mccracken, 2000. supra). L. laCis is transformed using 1% glycme as a cell wall 
agent as described previous,y (Horn, H., and I* Kes. ,989. High« 
weakening ag r flCtococcI « lactis subsp. cremom grown with 

transformation, by electroporation, 55; 3119 . 3123)> 

glycine in osmotically stabilized media. Appl. Environ, Jvu 
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except trensfonnants are se,cc,ed dhecOy - GM.7 pU.es comauring 5pg per - 
except u»n» replication of the 

erythromycin. L. taais transformanm are grown at 30 C to aflow rep 

■« -rT,O K« nlasmid derivatives wMle L. rtomosur transformants 
temperature sensitive pOh9:lSSJ plasmto ocnv« 

are grown on plates at 30'C and in liquid at 30°C or 37« C. 

described in Example 2. The accessibiH.y of the Hiss ephope on whole eells rs done the 

same as that described previously (Turner 2003 supra). 

T„e predict mo.ecu.ar mass of the uraTure Hi^ep fusion pro<eins is 2,-kDU. 
aMrengh Ore bands in Western Mots correspond to proteins 28-xDa in stze , (Ftgure 3A 
and 3B) In I. /— containing Ore Sep.6xHis-Sep and Ore BspA-6xHrs-Sep 

_2 mg p« liter of culture in boUr eases. Uveis of Ore Sep fusion proton m Ore SDS «U 

IZL fc L.fermenlum chaining me Sep-6xHi,Sep aud BspA-6xHls^ep constoucte 

rr^/o and -,3% of mat found in Ore supernal, respective*. No Sep ft. 

Zein was detect in sonicate or 5 M UC1 extracts. When SDS ce„ 

extracts were run in neighbouring Umes Ore Sep fusion protein bands nt.gra.eu rdenticaMy 

ITdS-PAGE (da, no. shown), which suggests tha, Ore Sep Orsion protem assocr*eti 

^rltsJnta^fbnn^merefbr.d^noteonmm.^se^and^ 

located outside the cytoplasmic membrane. 

a t i„nti* levels of Sep fusion protein expressed from the 
In L. rhamnosus and L. lactts, levels 01 oep v 

Sep.oxHi.Sep censuue. were found ,0 ee -200 and -300 pg per titer of cuhure nr Ore 
supernatant, respectively (Figure 3C and 30). Uvels of me Sep fusion protem m *e SDS 
^ extracts Z, — and , were <,% and - l0 S of mo, »und m^ 
sup ema,an,s, respective,y. interesting* a shgMy larger molecmar 
prim was observer, in Ore sonicate cel. extract of bom i. ,»«-. and Z. tad. 
L the SPS cell exriac. of ^ fcc*. This band probacy corresponds ,o Sep msioo profcu, 
s«U coning its secretion signah Lixe L. fennel, no Hiss-Sep was de*c,«, m Ore 5 
M UC, extrl of either L. — or t — g Ore Sep-Oxifrs-Sep 
construct. 
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• f Sen is exposed on the cell surface of L. fermentum, a whole cell 
To exanune if Sep is exposed on med «. same to that 

^^e-Unked immunosorbent assay for the His 6 epitope w v 

enzyme-linKeaimm that me A^snm signal per 

b located in an exposed torn in *e cell envelope of L fermentun,. 
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Table 4 

» Underline indicates restriction endonuclease recognition 
» Y=C or T; H=A,C or T; N=A,G,C or 
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Nucleotide sequence (5' to 3') a 



Oligonucl 
eotide 



Bam-N- 
term 

pUC-Bam 



AcmA-N 
term 



SepUS- 
PCR 



SepDS- 
PCR 



Nterm- 
US-Xba 



Nterm- 
Pst-US 



SepDS- 
PstXho 

SepDS- 
ApaSal 

E-cad-PstI 



^Xgg^ccgayacnathiayacngtnca 



^GGMSCCIGCAGGlCG^CrAG 



r cA^^^fi^SStcSriSfonOTCTfiAGC 



"aattcgcgcgagcatctc 



TGCGT 



TTG AATTATTG' 1" ITGC 



" atat^ag aaaccttccigci UACCT 



GT A GATAGTGTCAGCA 



■^^^^^^^aggttctsqasacactatctacacc 

GTACA 



-g^gg^^^CTATACCru^Ui^TCCA 

-agacctg^ggXga^^ 

. ^rr^.^/^rr'Tr' A ^TH A PTGT 



Amplified 
product 

sep 3' and 



downstream 

sepV or sep 5* 
regions 



sep 5* and 
upstream 

entire sep locus 

entire sep locus 

sep 5' end and 
upstream 

sep 5' end and 



upstream 



sep 3' end and 
terminator 



sep 3* end and 
tetrninator 



E-cadherin 
encoding region 



E-cadherin 



CM ' > ' 

- ' v* ■ .1.* ' 



ft? 



<5) 



to «o 10 oj tf> 2 

CO oi *~ ° 
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